Objectives: To explore influence of carbohydrates/fat proportions, dietary ingredients on telomere length shortening, oxidative stress and inflammation in a Chinese population with different glucose tolerance status.
Introduction
Telomeres are essential and dynamic regulators of cellular life span and chromosome integrity in eukaryocyte, composed of guanine-rich sequence-TTAGGG [1, 2] . Telomeres in somatic human cells shorten by 30-200 bp in each cell division, and once shortened to a critical length, cells are triggered into replicative senescence, an irreversible cell cycle block in G0/G1 and are susceptible to undergo apoptosis when exposed to increased oxidative stress [3] [4] [5] . DNA telomere length is maintained mainly by telomerase, and regulated by pro-inflammation cytokines and oxidative stress [4, 6, 7] . The release of reactive oxygen species (ROS) and pro-inflammatory cytokines both induced by increased oxidative stress damage telomere DNA and eventually lead to telomere length shortening.
Short telomere length increases the risk of diabetes. Normoglycemic population with shorter telomere length had a high risk in developing diabetes [7] [8] [9] . Hyperglycemia, which increases oxidative stress, accelerates the telomere length shortening especially in islet β cell, causing β cell dysfunction and reduced insulin secretion [10] .
Telomere is not only a predictor of diabetes, by regulating oxidative stress and β cell apoptosis, it also takes an important part in the mechanism of diabetes.
Energy intake and diet composition had an impact on DNA telomere length [11, 12] , and oxidative stress involves in it. Animal experiments indicates that restricted calories intake in a short term increases the numbers of mitochondria and improves the function of respiratory chain, reducing the production of ROS, preventing telomere length shortening in the end [13, 14] . Diet composition also closely related with telomere length, diet can modulate telomerase activity in peripheral blood mononuclear cells [15, 16] . The pattern of Mediterranean diet mainly containing vegetables, legumes, fruits, grains, fish, single unsaturated fatty acids, dairy products, had a protective effect on telomere length [17, 18] . The medical nutrition therapy is a vital part in the treatment of diabetes, accumulating researchers found that dietary fat and carbohydrate proportions had an impact on plasma lipids, glucose control and inflammation in patients with type 2 diabetes [19, 20] . However, the associations between dietary carbohydrate/fat proportions and telomere length, oxidative stress have not been explored. There exists large differences of dietary composition in different regions in the world, Chinese dietary pattern is characteristic of low fat/high carbohydrate proportions, study was absent in the influence of dietary low fat/high carbohydrate proportions on the telomere length shortening and oxidative stress. The hypothesis of the study is that diet carbohydrate/fat proportion and diet ingredients may have a direct effect on telomere length or indirectly affect telomere length by regulating oxidative stress and inflammation status, telomere length could probably reflect plasma glucose status in population (Fig. 1) .
The present study was to evaluate the telomere length, oxidative stress and inflammation status in a Chinese population with different glucose tolerance statuses, ranging from normoglycemia to pre-diabetes and diabetes and to explore influence of fat/carbohydrate proportions, dietary ingredients on telomere length shortening, oxidative stress, inflammation, and plasma glucose status.
Methods

Study population
All subjects were recruited from a type 2 diabetes project in a Beijing suburb in China between March 2014 and January 2015. Five hundred and ninety-nine subjects underwent a 75 g oral glucose tolerance test (OGTT). The 75 g OGTT was conducted after an overnight fast Fig. 1 The hypothesis in the study (>10 h). Blood samples were collected at 0 min, 30 min, 60 min and 120 min following the OGTT. The glucose tolerance status of each subject was classified based on the 1999 criteria of the WHO.
Subjects were excluded if they tested positive for Type 1 Diabetes Mellitus-related antibodies, were taking hypoglycemic or steroid drugs, or were taking drugs interfering with lipid metabolism. Subjects who had diabetes/impaired glucose tolerance history, cardiovascular diseases, cerebrovascular diseases, or nephropathy were also excluded. According to these criteria, subjects with NGT (n = 200), pre-diabetes (n = 197), and newly diagnosed diabetes (n = 159) were selected for this study (Additional file 1: Table S1 ). The study protocol was approved by the Ethics Committee of Peking Union Medical College Hospital. The subjects voluntarily signed informed consent forms.
Dietary assessment
Information on dietary intake was collected using the semi-quantitative food frequency questionnaire (FFQ). This FFQ was based on the food frequency questionnaire used in the 2010 China National Nutrition and Health Survey (CNNHS). Information on frequency of intake and portion size was used to calculate the amount of each food item consumed on average, using China Food Composition Table ( 2009) as the database. The FFQ collects information on the average consumption frequency and serving size for 103 food items and beverage consumed in the previous year (the FFQ has been done in the latest three months in the year. During the three months, every week the trained investigator asked subjects to recall their food consumption in this week); there are nine categories of consumption frequency ('almost never' , 'once a month' , '2-3 times a month' , '1-2 times a week' , '3-4 times a week' , '5-6 times a week' , 'once a day' , 'twice a day' or '3 times a day') and three categories of serving size ('larger than' , 'equal to' or 'smaller than' a standard serving size). During the interview using the FFQ, trained interviewers showed pictures of foods to the participants to help them estimate the serving size. To calculate the daily average consumption frequency of each food item, the frequency was multiplied by 1.5 for larger amounts, one for an equal amount and 0.5 for smaller amounts as compared with the standard serving size.
Clinical measurement
A standardized medical history and accurate physical examination were undertaken in all of the subjects before a 75 g OGTT was administered. Measurements of waist circumference (WC) (midway between the iliac crest and the costal margin) and hip circumference (HC) (at the level of the trochanters) were performed twice by the same observer, and the mean value was recorded.
Weight and height were measured without shoes in light clothing, and body mass index (BMI) was calculated by dividing the body weight in kilograms by the square of the height in meters. Blood pressure measurements from subjects at rest were obtained twice with a standard mercury sphygmomanometer, and the mean value was calculated.
Biochemical measurements
Plasma glucose was measured by glucose oxidase assay. Cholesterol (TC), triglyceride (TG), high-density lipoproteincholesterol (HDL-C), and low-density lipoproteincholesterol (LDL-C) were determined using an automated analyzer. Serum insulin and C peptide were measured by chemiluminescent enzyme immunoassay. HbA1c analysis was performed by high-performance liquid chromatography (intra-assay CV <3 %, inter-assay CV <10 %). These biochemical indicators were measured among the whole study population.
Assessment of insulin resistance (IR) and β cell function
Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated to evaluate the IR [21] .
The homeostasis model assessment of insulin secretion (HOMA-β) was calculated as basal insulin release [21] . Early-phase insulin release was calculated as the total insulin area under the curve divided by the total glucose area under the curve during the first 30 The values calculated from the formulas above are highly correlated with first-phase insulin secretion in intravenous glucose tolerance test [22] .
Leukocyte DNA telomere length (LTL) measurement
All blood samples were preserved in −80 。 C refrigerator until they were tested. Genomic DNA in leukocytes was extracted from peripheral blood samples using the QIAamp DNA blood mid kit (Qiagen, Hilden, Germany). Purified DNA samples were diluted and quantified using a NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA). Telomere length was determined as the relative ratio of telomere repeat copy number to the single copy number (T/S) using the novel monochrome multiplex quantitative PCR protocol described by Cawthon [23] . Telomere primer sequences were as follows:
telg: 5′-ACACTAAGGTTTGGGTTTGGGTTTGGG TTTGGGTTAGTGT-3′ , telc: 5′-TGTTAGGTATCCCTATCCCTATCCCTATC CCTATCCCTAACA-3′ , and albumin was employed as the single copy gene reference using primers modified with the addition of 5′-GC clamp to shift their melting temperature:
albu: 5′-CGGCGGCGGGCGGCGCGGGCTGGG CGGAAATGCTGCACAGAATCCTTG-3′ ; albd: 5′-GCCCGGCCCGCCGCGCCCGTCCCG CCGGAAAAGCATGGTCGCCTGTT-3′ .
The reagent components and final concentrations were 900 nM each primer (IDT), 1 × AmpliTaq Buffer II, 3 mM MgCl 2 , 0.2 mM per dNTP, 1 mM DTT, 1 M betaine, 0.75 × SYBR Green I and 0.625U AmpliTaq Gold DNA polymerase. Human genomic DNA samples, 5 ng to 70 ng, were used to generate two standard curves for each PCR plate (five concentrations with a high level of 150 ng and a low level of 1.85 ng per reaction). Thermal cycling: 1 cycle of 15 min at 95°C; 2 cycles of 15 s at 94°C, 15 s at 49°C; and 32 cycles of 15 s at 94°C, 10 s at 62°C, 15 s at 74°C with signal acquisition, 10 s at 84°C, and 15 s at 88°C with signal acquisition. Bio-Rad CFX Manger software automatically estimated the value for each sample T (telomere) and S(single copy gene) using standard curve. Standard curve efficiencies for both primer sets were above 90 %, and regression coefficients were at least 0.99 in all PCR runs. The withinplate and between-plate % coefficient of variation (%CV), which is based on the ratio of the standard deviation across replicates to the mean, were 18 and 7 %, respectively. For study samples, the with-plate %CV ranged from 8.2 to 14.3 %.
Measurement of oxidative stress and inflammation indicators
Serum was collected from fasting blood samples. The levels of superoxide dismutase (SOD), glutathione reductase (GR), 8-oxo-2′-deoxyguanosine (8-oxo-dG), Tumor Necrosis Factor (TNF-ɑ), Interleukine-6 (IL-6) were determined as per the manufacturer's instructions (CloudClone Corp, Houston, USA). Absorbance kinetics were measured through an ELISA reader.
Statistical analysis
All statistical analyses were performed using SPSS software, version 17.0 (Chicago, IL, USA). The data are presented as mean ± SD. Parameters not normally distributed were transformed. Categorical data were analyzed using the χ 2 test. The significance of the mean difference was tested by ANOVA (followed by Bonferroni's post hoc pairwise comparisons). Adjustment for covariates was performed with covariance analysis (ANCOVA). The LTL was adjusted by age and sex in the article. Pearson correlation was assessed between variables and risk factors.
Stepwise multiple linear regression analysis was performed to exclude the influences of potential confounding variables between diet ingredients and LTL. All P-values were two-sided, and P < 0.05 was considered statistically significant.
Results
Clinical and demographic characteristics in groups with different DNA telomere length There was no difference in LTL between women and men (women vs men: log (LTL): 1.98 ± 0.38 vs 1.95 ± 0.33, p = 0.327). Among the tertile groups of LTL, no difference was observed in age, sex, smoking, drinking, physical activity, BMI, WC, HC, blood pressure, HOMA-IR , HOMA-β, TG, HDL-C and LDL-C. HbA1c, FPG, PG 30′, PG 60′, PG120′ and TC were significantly higher in the lowest tertile group than those in the middle and upper tertile groups, and DI 30 and DI 60 , which were both glucose-stimulated insulin secretion index, significantly decreased in the lowest tertile group compared with that in the middle and upper tertile groups (Table 1) .
Subjects were divided into three groups according to their plasma glucose levels: NGT, pre-diabetes, or newly diagnosed diabetes, LTL was longest in the NGT, it was shortest in diabetes, and LTL in pre-diabetes was in the middle (log (LTL): NGT vs pre-diabetes vs newly diagnosed diabetes: 2.01 ± 0.03 vs 1.97 ± 0.03 vs 1.89 ± 0.03, p = 0.005).
The newly diagnosed diabetes was divided into two groups: HbA1c <7 % group and HbA1c ≥ 7 % group. LTL was much longer and WC was smaller in HbA1c <7 % group than in HbA1c ≥ 7 % group, there was no significant difference in age, BMI, HC, blood pressure, smoking, drinking and physical activity between the two groups ( Table 2 ).
In the whole population, LTL was negatively associated with HbA1c, PG 30′, PG 60′ and PG 120′, and was positively with glucose-stimulated insulin release-DI 30 and DI 60 . LTL was not related with HOMA-IR, HOMA-β, TC, TG, HDL-C and LDL-C (Table 3) .
Association between diet carbohydrate/fat proportions and LTL, oxidative stress, inflammation indicators
Among the tertile groups of LTL, no difference was observed in daily energy intake (shortest vs middle vs longest: 1604.10 ± 633.15 vs 1598.33 ± 754.29 vs 1499.05 ± 599.98(kcal), p = 0.333), and there was no significantly difference in the fat, carbohydrate, protein intakes and their intake proportions (Fig. 2a, b) .
Correlation analysis showed that daily energy intake and fat, carbohydrate, protein proportions was not associated with LTL (Table 3) Table S2 ).
Association between diet ingredients and LTL, oxidative stress, inflammation indicators LTL was adjusted by daily energy intake. Among the tertile groups of LTL, there was no significant difference in the intake of cereal, tuber, meat, vegetable, fruits and dairy production. Legumes, seeds or nuts, fish and seaweeds intakes were higher, and sweetened carbonated beverage (including sugar-sweetened beverage such as sucrose or fructose maize syrup and artificially sweetened beverage such as aspartame) intake was less in the upper tetile group than in the middle and lowest tertile groups (Fig. 2c, d ). Correlation analysis showed that LTL was not associated with cereal, tuber, meat, vegetables, fruits and dairy production, but it was positively related with legumes, nuts, fish, seaweeds and was negatively related with sweetened carbonated beverage intake (Table 3) . Seaweeds and dairy intake were negatively associated 8-oxo-dG (seaweed: r = −0.496, p = 0.001;dairy: r = −0.246, p = 0.046), vegetables and fruits were positively associated with GR (vegetables: r = 0.101, p = 0.034;fruits: r = 0.125, p = 0.045), cereal and meat were positively associated with TNF-ɑ (cereal: r = 0.091, p = 0.048 ; meat: r = 0.405, p = 0.009). Diet ingredients were not significantly related with IL-6 (Additional file 1: Table S2 ).
Multiple linear regression analysis indicated that legumes, nuts, fish and seaweeds were protective factors for LTL (legumes: β = 0.105, p = 0.018; nuts: β = 0.110, p = 0.011; fish: β = 0.118, p = 0.007 ; seaweeds: β = 0.116, p = 0.009), and sweetened carbonated beverage was a risk factor for LTL adjusted by HbA1c, SOD, GR, IL-6, TNF-ɑ, 8-oxo-dG (Sweetened carbonated beverage: β = −0.120, p = 0.004 ).
Carbohydrate/fat proportions, diet ingredients related with plasma glucose profiles in the whole population Daily diet carbohydrate/fat proportions were positively associated with HbA1c, FPG ( HbA1c: carbohydrate: r = 0.168, p = 0.000;fat: r = 0.186, p = 0.000; FPG: carbohydrate: r = 0.206, p = 0.000;fat: r = 0.138, p = 0.001 ). Diet protein proportion was not related with HbA1c, FPG. After adjusted by daily energy intake, sweetened carbonated beverage was positively associated with HbA1c (r = 0.100, p = 0.022), FPG (r = 0.113, p = 0.010). There was no significant relation between cereal, tuber, legumes, meat, nuts, vegetables, fruits, fish, seaweed, dairy and HbA1c, FPG (Additional file 1: Table S3 ).
Diet ingredients, LTL, inflammation indicators related with plasma glucose profiles in newly diagnosed diabetes
In patients with newly diagnosed diabetes, daily sweetened carbonated beverage intake was less in HbA1c <7 % group than in HbA1c ≥ 7 % group. LTL was much longer in HbA1c <7 % group than in HbA1c ≥ 7 % group. There was no significant difference in daily energy intake, carbohydrate/fat proportions, cereal, tuber, legumes, meat, nuts, vegetables, fruits, fish, seaweed and dairy. TNF-ɑ was lower in HbA1c <7 % group than in HbA1c ≥ 7 % group, there was no difference in SOD, GR, 8-oxo-dG and IL-6 between the two groups ( Table 2) .
Discussion
The nutrition therapy takes a vital part both in the prevention and the treatment of diabetes by improving glucose control and cardiovascular risk factors [24, 25] . Restricted calories intake and low carbohydrate/low fat diets ameliorate plasma lipids, glucose and inflammation status, however, the distribution of diet carbohydrate/fat proportions in the nutrition therapy remains to be debated [20, 26, 27] . Compared with western population, diet carbohydrate proportion was relatively higher and fat proportion was lower in Chinese population, in the present study carbohydrate intake accounted for 67.60 ± 18.92 % of daily energy intake, much higher than recommended carbohydrate proportion (45-60 % of energy intake) according to American Diabetes Association (ADA) [28] . The fat intake in the study was 22.09 ± 16.43 % of energy intake, less than recommended fat proportion (25-35 % of energy intake) [28] . Therefore, the population in the study was in a high carbohydrate/ low fat proportion dietary pattern. The present study found that in Chinese population with high carbohydrate/low fat proportion intake, diet carbohydrate/fat proportions were not significantly associated with LTL and oxidative stress indicators, suggesting that LTL were probably not influenced by diet carbohydrate/fat proportions. This study based on Chinese population with different glucose status, and adjusted by daily energy intake because energy intake had an impact on LTL [11] , which was a confounder. Though in this study LTL was not related with carbohydrate/fat proportions, the results showed that LTL was associated with diet ingredients, much more intake of legumes, nuts, fish were related with longer LTL, but much more intake of sweetened carbonated beverage was related with shorter LTL. Although the potential biological mechanisms underlying the associations between food items and LTL need to be explored, one possible explanation is that the nutrition composition has an influence on LTL. Previous study showed that the impact of dietary patterns on LTL resulted from the food item containing antioxidant and anti-inflammatory ingredients. Legumes contains a variety of planet chemicals such as isoflavones as an antioxidant, as well as folic acid, which play an important role in DNA methylation and integrity [29] . Nuts and fish containing polyunsaturated fatty acids, are the main food sources of omega-3 fatty acids and vitamin E, and have a protective function on LTL [30] . Fish also contains vitamin D, the anti-inflammatory and antiproliferative properties of vitamins D limit the turnover of cells, b shows the percentage of protein, fat, carbohydrate account for the daily total energy intake. c shows the daily intake of cereal, dairy products, vegetables, fruits and sweetened carbonated beverage. d shows the daily intake of tuber crop, legumes, meat, seeds or nuts, fish seafood and seaweeds thus potentially reducing their telomere length attrition [16] . Seaweeds contain antioxidative enzymes to inhibit DNA damage [31] . In recent years, tradition prudent Chinese diet pattern has been affected by western diet pattern, more intake of sugar sweet drinks increased the sugar intake in Chinese diet, excessive intake of sweet drinks can increase energy intake, insulin resistance, oxidative stress and inflammation, accelerating LTL shortening, and regular consumption of sugar-sweetened beverage might influence metabolic disease development through accelerated cell aging [32, 33] . Previous studies mostly focused on diabetes population, which found that diet carbohydrate/fat proportions were associated with plasma glucose in diabetes patients [19] , however, given that the diet pattern in diabetes patients to a certain extent influenced by diabetes education, it exists a certain deviation. Therefore, this study focused on newly diagnosed pre-diabetes and diabetes, and also contained normal glucose tolerance, in the population with different glucose tolerance, diet carbohydrate/fat proportions were positively associated with HbA1c, FPG, whether in impaired glucose tolerance or in normal glucose tolerance, increased diet carbohydrate/fat proportions could increase the occurrence of hyperglycemia.
Telomere is probably a mediator between life style and aging related diseases. In type 2 diabetes, telomere length shortening causes aging in islet β cell in advance, resulting in reduction of β cell mass and insulin release [7] . The present study suggested that shorter LTL was associated with higher HbA1c, FPG, postprandial glucose and lower glucose-stimulated insulin release. LTL shorten existed in pre-diabetes, and LTL was shortest in diabetes. According to previous longitudinal studies, shorter telomere length could predict the risk of diabetes, telomere length was not only an indicator of diabetes, also involves in the mechanism of diabetes [7, 9] . Moreover, LTL was closely associated with plasma glucose status in diabetes patients, hyperglycemia increased oxidative stress, and accelerated LTL shortening [34] . The results in this study found that in newly diagnosed diabetes patients with HbA1c < 7 % had longer LTL than the patients with HbA1c ≥ 7 %, it indicated that LTL could also reflect the plasma glucose status in diabetes patients.
The results in this study indicated that daily energy intake was positively associated with TNF-ɑ and IL-6, diet carbohydrate/fat proportions, cereals and meat intake were positively associated TNF-ɑ. Previous studies indicated that TNF-ɑ, IL-6 inflammatory signaling could affect cellular pathway (Iκ kinase β and Jun N-terminal kinase), reduce insulin sensitivity and regulate plasma glucose [35, 36] , it was speculated that diet carbohydrate/fat proportions could regulate plasma glucose by inflammatory signaling pathway. It was suggested that diet probably regulated plasma glucose probably by inflammatory signaling pathway.
The study had some limitations. This study, which was a cross-sectional study to explore the association between LTL and diet proportions, cannot explain whether diet factors could affect the shorten rate of LTL, longitudinal study was more convincing than cross-sectional study. The sample size was relatively small, though the population in the study had a wide plasma spectrum. Another limitation was that although diet composition investigation questionnaire was based on the Chinese food ingredients scale, the investigators were trained, the validity and reliability can be guaranteed, however, some measurement errors in cannot be ruled out. The subjects including in the study were with relatively high BMI and high systolic blood press, this probably was a selection bias in the study.
Conclusion
The present study in Chinese population with different plasma glucose status found that LTL were probably not influenced by diet carbohydrates/fat proportions but was associated with diet ingredients. Diet ingredients significantly impacted on markers of inflammation and oxidative stress, which probably had an effect on LTL. Diabetes patients with good plasma glucose had longer LTL, LTL could reflect plasma glucose status in diabetes patients.
